Objective: We evaluated the correlation between benign prostate hyperplasia (BPH) measures and diabetes mellitus in men with benign prostate hyperplasia in a prospective study. Materials and methods: Between 2008-2012, 100 diabetic and 200 non diabetic patients undergoing surgery due to benign prostate hyperplasia were enrolled in the study. The parameters evaluated for each patients included prostate volume, fasting blood glucose, HbA1c, total testosterone, total prostatic specific antigen (T-PSA), triglicerides, total cholesterol and body mass index (BMI). A questionnaire including international prostate symptom score (IPSS) was sdministered and uroflow test measuring the peak urinary flow rate was performed to appreciate the complaints of the patients objectively. Results: Diabetic patients are more likely to have larger prostate volume. The symptom score evaluated by IPSS and post micturition residual volume were also significantly higher in diabetic groups. The other statistically significant different parameter between two groups was total testosterone that diabetic patients tend to have lower levels. Diabetic counterparts were established to have higher BMI. No statistically significant differentiation was observed about trigliceryde and total cholesterol levels and uroflow rates. Conclusions: Our study suggests a positive correlation between high prostate volume and diagnosis of diabetes mellitus in patients with benign prostatic hyperplasia. We also observed a positive correlation between symptom scores and post micturion residual volumes and diagnosis of diabetes mellitus suggesting that the presence of diabetes is related to both static and dynamic components of benign prostate hyperplasia. Additionally testosterone levels were lower in diabetic patients. Further studies need to confirm these relationship in a larger population.
BPH is still unclear, but multiple partially overlapping and complementary systems (nerve, endocrine, immune, and vascular) as well as local factors are likely to be involved (2, 4) . Although the specific pathway remains poorly investigated, it seems that the pathogenetic mechanism is endocrine controlled (4) . Diabetes Mellitus (DM) and BPH progression occur in similar ages in men and DM is thought to be an important entity contributing development and progression of BPH (5, 7) . Histologically, BPH is a non malignant unregulated hyperplasia of stromal and epithelial prostate cells (8) . It seems there is a significant correlation between prostate enlargement and DM. There are many reports suggesting a causal relationship between high insulin levels and the development of BPH and an increased sympathetic nerve activity in men with BPH has been suggested (9, 10) . This process contributes to an increase in the activation of the alfa adrenergic system leading to smooth muscle contraction throughout genitourinary system particularily in the bladder neck and prostate (11, 12) . Obesity is an another entity whose direct relationship was shown with BPH and lower urinary tract symptoms (LUTS) in many studies probably via secondary hyperinsulinemia or the increased estrogen-to-androgen ratio (13) (14) (15) (16) (17) (18) (19) . Androgens are well known facts contributing to BPH/LUTS although they are not a clearly causative aspect of BPH. The relationship between sex hormones on regulation of prostatic growth and BPH/LUTS is quite complex and still not thoroughly understood (20, 21) . Consequently, androgens, estrogens, stromal-epithelial interactions, growth factors and neurotransmitters may play a role, either singly or in combination, in the etiology of the hyperplastic process. The aim of this study to evaluate the BPH componenets in diabetic and non diabetic patients undergoing surgery owing to BPH.
MATERIALS AND METHODS

Study population
From 2008 to 2012 300 patients undergoing surgery owing to BPH were included in the study. For patients with suspicious prostate cancer in terms of high prostate specific antigen (PSA) and abnormal digital rectal examination (DRE), ultrasonography guided transrectal biopsy
INTRODUCTION
Benign prostate hyperplasia (BPH) is a prevalent process in aging man with severe and frequent low urinary symptoms reducing the quality of life (1) . Despite intense research to identify the underlying mechanism of prostatic growth in older man, cause and effect relationship has not been yet established (2, 3). The etiology of was performed before surgery. The indications of TURP were provided as following: recurrent urinary retention, recurrent urinary tract infections, recurrent macroscopic hematuria, bladder stones or diverticula, or dilation of the upper urinary tract with or without renal insufficiency. Patients were divided in two groups according to the presence of DM. Diabetic groups included 100 patients and non diabetic groups included 200 patients. Patients found to have prostate cancer after prostate biopsies and patients having previous prostate and urethral surgery were excluded from the study. Additionally, patients with bacteriuria or pyuria were excluded likewise.
Measurements
Detailed medical history and physical examination was performed for all patients. The weight and height of participants were measured and body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared (kg/m 2 ). Blood samples were drawn from fasting patients to determine fasting blood sugar (FBS), HbA1c, total-testosterone (TT), triglycerides (TG) and total cholesterol (C). Prostate volume (PV) was measured according to the prostate ellipsoid formula, multiplying the largest anteroposterior (height, H), transverse (width, W), and cephalocaudal (length, L) prostate diameters by 0.524 (H×W×L×π/6) by using transrectal ultrasonography (TRUS). The symptoms of the patients were assesed using international prostate symptom score (IPSS). Post micturion residual volume (PMR) was measured for all patients by ultrasonography. The patients were divided into two groups including diabetic and non diabetic participants.
Statistical analysis
All statistical analysis was performed by using SPSS ver. 13.0 (SPSS Inc., Chicago, IL, USA). We divided the study population into two groups: the diabetic group and the non-diabetic group. We compared the IPSS, voiding symptom subscore, storage symptom subscore, quality of life (QoL), and prostate related parameters between the two groups. Statistical analysis including Student's t-test and Pearson's correlation coefficient was performed. Student's t-test was used to describe the difference in prostate volume and voiding-related symptom score. Pearson's correlation coefficient was used to test the linearity of the relationships between metabolic components and prostate volume. In all comparisons of values, p-values of less than 0.05 were considered to be statistically significant.
RESULTS
The mean age of the patients was 68.2 ± 7.4 years. The mean age for the two groups were 69.2 ± 2 years and 67.8 ± 7.5 years, respectively and there was no statistically difference. Baseline characteristics of the patients included in this study are presented in Table  1 . BMI in diabetic group was significantly higher. FBS and HbA1c levels were also found to be statistically differnt (144.2 ± 33.5 and 89.7 ± 11.9 respectively; 7.3 ± 1.3 and 5.6 ± 0.4 respectively). Diabetic patients were more likely to report severe LUTS and the symptom score evaluated with IPSS was significantly higher in diabetics group (19.5 ± 1.7 and 18.4 ± 1.5) as post micturional residual volume (104.8 ± 28.8 and 79.8 ± 19.8 respectively). In addition, serum PSA level and PV were significantly higher in the patients with diabetes than in the patients without diabetes. TT levels were significantly lower in diabetic patients than in non diabetic (2.8 ± 0.8 and 3.6 ± 0.9 respectively). Table 2 shows association between the parameteres of diabetic patients including prostate size, T-PSA and TT and the other parameters of all patients. In the analysis a positive link was established between prostate volume and age indicating that older patients are likely to have larger prostate size (p = 0.003). Similarly, T-PSA levels correlates with the prostate size (p = 0.00001). Another parameter that appears to show a significant link with prostate volume was FBS (p = 0.038). A negative correlation was found between TT and T-PSA levels (P = 0.006). It was also found that FBS was negatively correlated with TT levels (p = 0.003). It was also established that patients with higher post micturion residual volume are likely to have higher T-PSA levels (0.013). The same comparison between the parameters of non diabetic patients and the parameters in all patients were shown in Table 3 . Age and prostate volume significantly correlated, like in diabetic group (p = 0.00001). BMI and both PV and T-PSA levels were also found to be correlated (p = 0.002 and p = 0.006 respectively). A negative association was established between TT and T-PSA levels (p = 0.018) similarly to the diabetic group. There was also positive correlation between IPSS and T-PSA levels (p = 0.049). Conversely from diabetic groups BMI was found to be correlated with PV and T-PSA levels (p = 0.002 and p = 0.006 respectively). 
DISCUSSION
In this study clinical parameters of BPH in diabetic and non diabetic patients undergoing surgery were compared. Since the etiology of BPH is still unclear and probably depends on a complex mechanism, there is an enhanching attention of researchers about this topic. The connection of diabetes and BPH has been known for years being firstly mentioned by Bourke and Griffin who suggest an association between diabetes and BPH etiology based on the higher prevalance of diabetes mellitus among patients in need of surgery (22) . DM seems to play role in pathogenesis of BPH via both static and dynamic components. In this study we observed a significant correlation between prostate volume and diabetes. There may be several mechanism attributed to this condition particularly including hyperinsulinemia and insülin growth factor (IGF). It has been known for decades that prostatic tissue has IGF receptors which exist in both stromal and epithelial cells (23, 24) . It has been demonstrated in experimental models that prostate atrophy induced by androgen deprivation as well as with the effect of antiandrogens and of 5 alfa reductase inhibitors is achieved through local growth factors (25, 26) . The activity of IGF is likely to be managed by the adrogens and in the absence of androgens insuline like growth factor binding protein (IGFBP) levels reduces like IGF-1 receptors and IGF-1 mRNA (27) . Some studies established some evidences that insulin resistance is an important factor for enhancement of prostate gland. The decrease in the level of insulin was supposed to be correlated with the reduction of PV (28, 29) . We also observed significant correlation between PV and FBS. Won Tae Kim et al.
found positive correlation between PV and FBS in non diabetic benign prostatic hiperplasia patients with normal TT levels (30) . This study indicate that other unknown factors affecting prostate growth through other mechanism than testosterone such as obesity or abnormal glucose homeostasis. In another study including 422 men Parsons et al reported obesity, elevated fasting glucose and diabetes as risk factors for larger prostate size (31) . A study giving similar result by Ozden et al was reported demonstrating significantly higher annual rates of increase in the volume of the transizional area in diabetics compared to the patients with low levels of serum glucose (12) . The pathogenesis of this connection may result from insulin resistance and high insulin levels in the blood. Vikram et al. reported enhancement in the proliferation of prostatic epitels in insulin resistans rat model (32) . In another study by the same authors hipoinsulinemia was found to be correlated with decrease in the prostate volume (28) . Similarly, Hammareston and et al. described a relationship between plasma insulin levels and BPH showing that patients with higher levels of plasma fasting insulin had a significantly larger prostate volume and higher annual BPH growth (13) . In another study by Sarma et al. investigating the association between DM and BPH parameters in community dwelling black and white men it was found that DM was more related to dynamic components of BPH (24) . On the contrary, we found that DM was related to both static and dynamic components of BPH/LUTS. We observed that prostate volume was higher in diabetic counterparts as well as high IPSS and post micturional residual volume. We also observed that DM affects the functional components of low urinary tract system. The post micturition residual volume and the symptom score evaluated with IPSS were quite higher in diabetic patients suggesting detrusor impairment (33) which is very frequent in diabetic patients. The distinction between LUTS secondary to DM and LUTS secondary to BPH is difficult to distinguish. Altough both irritative and obstructive symptoms are prevalant in diabetic patients the bothersome of irritative symptoms are more common in patients with 39%-61% of them having some degree of frequency and urgency (34, 35) . There are many mechanisms proposed to associate the development of low urinary tract symptoms in diabetic patients. Firstly, hyperinsulinemia associated with increased sympathetic activity via enhanced glucose metabolism in ventromedial hypothalamic neurons (36) may contribute to an increase in the activation of the alfa adrenergic pathway with contraction of smooth muscle of the urinary tract contributing to the development of LUTS. This concept was studied ın the rat model by McVary et al. who observed an association between autonomic neural input to the prostate and the prostatic growth rate whereas the absence of this input resulted in regression of the gland volume (37) .
In this study, we observed that in diabetic patients the TT levels are lower than non diabetic counterparts. Altough BPH is known as an androgen dependent disease this finding may indicate that development of disease is not only depend on TT but on many various hormonal and local growth factor interactions. A study by Rohrmann et al. (38) including 260 individuals from NHANES III reported that elevated estrogen levels and molar estradiol/testosterone ratios as well as lower androstanediol glucuronide (a metabolite of dihydroxytestosterone [DHT]) levels were associated with greater LUTS risk. A direct correlation was found by Schatzl et al. (39) between elevated estradiol levels and prostatic volume determined by TRUS. There are number of studies with contradictory findings to indicate that the regulation and impact of sex hormones on prostatic growth and BPH is quite complex (40) .
CONCLUSIONS
We have presented an association between DM and increased prostate volume indicating that DM is an important factor for static component of BPH/LUTS. Furthermore we demonstrated association between dynamic components of BPH and diabetes. Peak urinary flow rate was lower and post micturonal residual volume was higher in diabetic group indicating diabetes is associated with not only static components but also with dynamic components of BPH/LUTS. Further evaluations of the association between diabetes and BPH with larger populations are warranted.
